We studied the influence of prey size and abundance on social organization and space use by eastern coyotes (Canis latrans) in 2 areas of Nova Scotia, Canada. Breeding pairs formed the nucleus of coyote social groups, and these often traveled with 1-3 other coyotes during winter. Increased use of white-tailed deer (Odocoileus virginianus) was insufficient to explain group size and cohesiveness by eastern coyotes. Winter-traveling group size was similar for family groups using deer (X ϭ 2.6) or snowshoe hares (X ϭ 2.7) as a primary prey in winter. Estimated densities of coyotes in winter was 4.3-13.9 coyotes/100 km 2 . Coyotes used the same general areas during winter and summer and from year to year. However, territory sizes decreased with increasing densities of deer (partial r 2 ϭ 0.21, P ϭ 0.043) and hares (partial r 2 ϭ 0.40, P ϭ 0.007). During winter, coyotes used areas of high deer density in proportion to their availability, but in some instances, they used areas that contained few or no deer proportionately more than expected, probably because deep snow and few trails increased vulnerability of deer in these areas. Territoriality seemed to prevent coyotes from concentrating in deer wintering areas and kept the coyote : deer ratio relatively low (Ͻ1:25).
Distribution and abundance of prey represent the most important factors influencing spatial dynamics and social structure for most medium-to large-sized carnivores (Bekoff and Wells 1980; Kruuk 1966; Messier 1985) . Because of this, attention has been devoted to understanding relationships among prey dispersion, social organization, and food habits of predators. For example, among canids, a general trend exists from solitary foraging to cooperative hunting with increasing body size (Moehlman 1987) . Wolves (Canis lupus) are primarily cooperative hunters of ungulates (Mech 1966 (Mech , 1970 Peterson 1977) but the coyote (C. latrans) is behaviorally plastic and demonstrates large regional and season-* Correspondent: bpatterson@gov.nu.ca al differences in food habits and social organization (Bekoff and Wells 1980; Harrison 1992a; Parker 1995) .
The social structure of coyotes in eastern North America seems to revolve around resident adult pairs and their offspring (Harrison 1992a; Messier and Barrette 1982) . These family groups maintain nonoverlapping and contiguous home ranges of 30-50 km 2 , about 100-200% larger than coyotes in western North America (Caturano 1983; Harrison 1992a; Messier and Barrette 1982) . During winter, family groups of 3-4 coyotes generally travel together (Messier and Barrette 1982) and groups of Յ7 coyotes have been documented in Nova Scotia and New York (Brundige 1993; Sabean 1993) . Solitary transient coyotes may live on large areas encompassing parts of several different coyote territories and do not breed unless a vacant territory can be found (Messier and Barrette 1982) .
Two prey species, white-tailed deer (Odocoileus virginianus) and snowshoe hare (Lepus americanus), are the staple food items of forest-living eastern coyotes (Messier et al. 1986; Parker and Maxwell 1989; Patterson et al. 1998) . Bowen (1981) and Brundige (1993) believed that prey size determined group size in coyotes in Alberta, Canada, and New York, respectively. Conversely, Andelt (1985) and Gese et al. (1988 Gese et al. ( , 1989 reported that large group sizes of coyotes resulted primarily from high habitat saturation and low exploitation by humans in Texas and Colorado, respectively. As pointed out by Brundige (1993) , determination of factors that cause grouping behavior remains a formable challenge. Nonetheless, if groups are formed primarily to exploit large prey, we should observe smaller, less cohesive groups among coyotes using smaller prey as a primary food source.
In many areas of the Northeast, deer exhibit seasonal migratory behavior and concentrate in traditional wintering areas (Messier and Barrette 1985; Nelson 1995; Verme 1973) . Because of this behavior, some territorial predators may have access to large concentrations of deer during winter, whereas others have access to few or none. Trespassing into neighboring territories may be expected under such circumstances. However, size and shape of the territories of coyotes living in a forested landscape in southeastern Québec remained unchanged during winter despite presence of a large deer wintering area (Messier and Barrette 1982) . Conversely, wolves with few deer within their territories in Québec and Ontario undertook seasonal migrations of Յ62 km to deer wintering areas (Forbes and Theberge 1996; Messier 1985) . No consensus exists as to how prey distribution and abundance influences the social and feeding ecology of coyotes (Gese et al. 1988; Messier and Barrette 1982; Mills and Knowlton 1991) .
Our study was designed to determine if distribution and abundance of white-tailed deer and snowshoe hares influence coyote space-use patterns and if increased use of white-tailed deer is associated with group formation and cohesion by coyotes in northeastern North America. Specifically, we tested predictions that reproductive success, incidence of delayed dispersal, and coyote densities are correlated positively with prey density, whereas incidence of extraterritorial excursions are correlated negatively with prey density. We also predicted that territoriality limits convergence of coyote family groups on deer wintering areas and that group size and cohesiveness in winter are greater for coyotes preying on deer than for coyotes without access to deer.
MATERIALS AND METHODS
Study areas and prey distribution.-Our study was conducted in 2 forested areas of Nova Scotia, Canada. The Queens County study area (QC) in central southwestern Nova Scotia (44Њ20ЈN, 65Њ15ЈW) included the eastern onehalf of Kejimkujik National Park (ϳ200 km 2 ) and about 300 km 2 of forested land directly to the east of the park. That region had warm summers and cool winters averaging Ϫ5ЊC in January (Dzikowski et al. 1984) . QC received little snow during the study, with accumulations generally Ͻ20 cm. Thus, deer did not aggregate in yards during winter (Lock 1997; MacDonald 1996) .
The 2nd area, on Cape Breton Island (CB, 45Њ45ЈN, 61Њ15ЈW), was centered on the 24-km 2 Eden deer wintering area, which typically contained about 200 deer from January through March (Patterson et al. 1998) . Elevation rose abruptly from near sea level in the River Denys Basin area to about 300 m in the Creignish Mountains. Climate in CB was generally moister than in QC (Dzikowski et al. 1984) . Higher elevations in the northern section of the study area (Cape Breton Highlands [CBH]) typically received 250-300 cm of snow annually, whereas lowland areas (Cape Breton Lowlands [CBL]) received 200-250 cm of snow annually (Gates 1975) . Median duration of snow cover varied from 140 days on higher elevations to 130 days on lower elevations (Gates 1975) . That contrasted a median duration of snow cover of 59 days in QC.
We determined relative abundance of whitetailed deer and snowshoe hares in each study area using pellet-group counts conducted along systematic line transects during April and May 1995 (Neff 1968 Patterson et al. 1998; . To provide further information on the relative winter distribution and abundance of deer in CB and to define the limits of the Eden deer wintering area, we conducted an aerial survey in February 1997 (Patterson et al. 1998; . That survey was supplemented with observations made during Ͼ15 less formal aerial surveys conducted over both study areas in January-March 1995-1997. Based on those data, we generated a density map delineating zones containing similar densities of deer within the CB study area (Patterson and Messier 2000:725, figure 1) .
We also conducted ground surveys by snowmobile or truck along trail networks passing through all spring-autumn coyote territories in each study area after fresh snowfalls in JanuaryMarch 1996-1997. Each route was about 100 km, but the entire routes were rarely completed. Two observers recorded all coyote and deer tracks encountered by the method of Messier and Barrette (1982) . Deer tracks were tallied as belonging to groups of 1, 2, 3, or Ն4 deer. Tracks in the Ն4 category were assigned a value of 5 when tallying the total number of tracks observed in each area. Consecutive surveys were separated by Ͼ1 week even if fresh snow occurred in the interim.
Coyote social organization and group dynamics.-We captured coyotes using number 1.75 and number 3 coil-spring foot-hold traps and physically restrained them with a snare pole. They were immobilized with an intramuscular injection of ketamine HCL (Rogarsetic, Rogar/ STB, Inc., London, Ontario, Canada) or Telazol (A. H. Robins, Richmond, Virginia) at dosages of 15 and 10 mg/kg, respectively, of estimated body mass. Each coyote was equipped with a collar-mounted transmitter (Holohil Systems Ltd., Woodlawn, Ontario, Canada and Lotek Engineering Inc., Newmarket, Ontario, Canada) weighing approximately 250 g. We initially classified coyotes as juvenile (Ͻ1 year old), yearling, or adult based on tooth development and appearance (Parks 1979) . We later classified coyotes as breeding residents, resident associates, juveniles (young-of-the-year), or transients based on group affiliations and movements (Messier and Barrette 1982; Patterson et al. 1999) .
Coyotes were monitored primarily from the ground using handheld antennas and groundbased triangulation White and Garrott 1990) . When coyotes could not be located from the ground, they were relocated from a helicopter. Ground-based monitoring was conducted throughout the day and night and most radiocollared coyotes were located Ͼ5 times/week from December to March but about twice each week from April to November ). Frequency of relocations was similar among study areas. We assumed independence between successive observations for locations separated by Ͼ6 h (Gese et al. 1990; Harrison and Gilbert 1985) . Overall, telemetry sampling intensity targeted Ն60 independent locations from Ն1 member of each breeding group during winter (December-March) and summer (April-October).
Coyote reproductive success and dispersal.-We could not reliably determine recruitment. However, we assumed successful year-specific reproduction for each family group when Ն1 pups were observed or captured during summer, or breeding adults exhibited restricted movements and fidelity toward den and resting sites during early summer and group howling was heard near the suspected den or resting site latter in the summer. We considered a coyote to have dispersed when it moved Ͼ3 km beyond the boundaries of its natal territory and did not return (Harrison 1992b ). When we suspected a coyote of dispersing, we conducted extensive aerial searches until a Ն150-km radius around the last known location of the coyote was searched. We estimated the actual date of dispersal as the midpoint between the date of last location in the natal home range and the date when dispersal was 1st confirmed. We calculated daily probability of dispersal from birth (assumed to be 20 April- Harrison and Gilbert 1985; Parker 1995 ) through 1 year of age for coyotes in each study area as 1 Ϫ (residency rate), after calculating the residency rate (r) using the staggered entry Kaplan-Meier product-limit estimator (Pollock et al. 1989 ) modified for dispersal rates.
Other researchers have modified the survival model of Heisey and Fuller (1985) for dispersal (Clark et al. 1989; Harrison 1992b) . We chose the Kaplan-Meier method because it did not require the assumption that dispersal rates were constant within assigned intervals (Pollock et al. 1989) . We compared cumulative residency rates using log-rank tests (Cox and Oates 1984) . Variance associated with each residency rate at time t was calculated as var(r t ) ϭ [(r t )] 2 [1 Ϫ (r t )]/x t , where x t was the total number of marked juveniles that could potentially have dispersed at time t (Cox and Oakes 1984; Pollock et al. 1989) .
Group size and cohesion.-We determined foraging group sizes by locating family groups by radiotelemetry and then backtracking (n ϭ 586 snow-tracking sessions) coyotes on foot or by air to their daily resting areas. We attempted to do this daily from December through March 1995-1997 for Ͼ2 coyote family groups in each study area. We measured group cohesion as the mean group size observed during the last 10 snow-tracking sessions each winter (generally late March) divided by the group size observed during the first 10 snow-tracking sessions each winter (generally late December or early January before winter dispersal). We assessed the influence of prey type on group cohesion of family groups using primarily hare or other small mammals versus deer as a winter food source using a Bonferroni z-test. We also assessed the effect of prey size on maximum family group size observed (for Ͼ1 day) during winter, and mean daily traveling group sizes using 2-tailed t-tests. For each territorial group of coyotes we determined the primary winter food source based on the percent biomass of different prey items originally consumed as estimated by scat analysis (Patterson et al. 1998 ). We considered a food item to be the primary food source if it represented Ͼ50% of the total biomass consumed during winter and its representation in the total biomass consumed was Ͼ10% higher than the next most important prey type. We considered each winter that a particular group was monitored to be an independent data point because annual survival rates of breeding pair members (0.62 and 0.71 for QC and CB, respectivelyPatterson 1999) resulted in Յ1 breeding pair member being replaced in Ͼ50% of family groups each year and both prey abundance and family group sizes varied within individual territories among years (Table 1) .
Spatial distribution and density.-We defined a territory as the composite area of seasonal home ranges used by members of each socially interacting group of coyotes. We pooled locations from all marked members of a family group to estimate territory sizes and boundaries. We based estimates of territory sizes on the 95% adaptive (Gauss) kernel method of Worton (1989) using program TRACKER (Camponotus AB 1994) . We specified a grid spacing of 200 m, a density coefficient of variation of 0.15, and a 30% margin for kernel analyses. We used the observation-area curve approach to evaluate the adequacy of our samples for each territory size estimate (Bowen 1982; Messier and Barrette 1982) . To test for outlying locations, we used an iterative process whereby we removed 1 location at a time along the periphery of the territory and then reestimated territory size and boundaries. For each iteration, we considered the censored location to be an excursion if it was Ͼ3 km from newly calculated territory boundary and removed that location from subsequent analyses.
We estimated coyote densities in each study area as: Ϭ (X winter territory size Ϭ habitat saturation) ϫ 100.
We determined mean winter group sizes and ratio of solitary coyotes to territorial family groups from winter track observations. Habitat saturation was estimated as the proportion of the total landscape in each study area occupied by coyote territories. We used Monte Carlo simulation to assess variances of those density estimates. During each iteration (n ϭ 1,000) we estimated density using numbers picked randomly from a normal distribution within the expected range of values for each parameter. For territory sizes, the range of possible values was based on means and standard errors for each area during each period. We assumed a range of Ϯ0.5 and 1 for our estimates of mean group size and the ratio of solitary coyotes : family group, respectively, because we felt that standard errors associated with those estimates were too conservative. The a Family group size refers to the maximum number of socially interacting coyotes observed for Ͼ1 day within a group during winter and includes those members temporally disassociated from the group. Mean traveling group size was based on daily observations of group sizes made while snow tracking.
b Classified as either deer (D) or snowshoe hares and other small mammals (H) based on percent biomass of different prey items originally consumed as estimated by fecal analysis (Patterson et al. 1998) .
c Territory size estimates were based on the composite 95% adaptive kernel home ranges (Worton 1989 ) of all radiocollared group members.
d No hare pellet data were available during this winter; estimate calculated based on the relative hare harvests in the county containing the CB study area in 1995-1997 relative to pellet counts conducted in CB in 1996-1997.
e Although we counted all deer pellets deposited after 1 November, most deer migrated from CBH by early January when the majority of winter field work began; therefore, pellet counts generally overestimated the density of overwintering deer in CBH. Winter density estimates based on aerial and ground surveys were Roseburn 1996 ϭ 0.6/km 2 , Skye Mountain 1996 ϭ 0.8/km 2 , Skye Mountain 1997 ϭ 0.6/km 2 , and River Denys Mountain 1997 ϭ 0.2/km 2 . range of expected densities associated with each estimate was then based on the central 95% of the 1,000 random estimates.
Influence of prey density on territory and group sizes.-We used forward-stepwise multiple regression to examine the relationship between territory sizes and prey abundance and group size of coyotes. Territory size was the dependent variable and deer density, hare density, mean winter traveling group size, and maximum group sizes in winter were the explicative variables. We used a natural logarithm transformation for deer and hare pellet-count data to help normalize data and meet assumptions of linear regression. Because deer densities differed seasonally in CB, we averaged density estimates in summer and winter (assuming density in winter represented 4 months, and density in summer 8 months of each year) for each coyote territory in CB. We considered each year that a particular group was monitored to be an independent data point for the same reasons described for the analysis of differences in group formation and cohesion.
Coyote territoriality and spatial relationships with deer.-We estimated territory sizes in spring-autumn (April-November) and winter (December-March) individually and then compared the mean size of the area used during each season with a paired t-test. The frequency of excursions was compared between study areas and seasons using G-tests. We used the number of coyote-days of telemetry data within each study area to calculate expected frequencies. For statistical analysis, we considered each occasion that a group of coyotes left their territory to be an independent sample because prey availability should influence not only the probability of a group initiating an excursion but also frequency of excursions by each group.
Inferences into the spatial relations of radiocollared coyotes and deer in CB were made by comparing the proportion of independent coyote relocations (generally 1 location per day per family group during winter) in each deer-density class (absent ϭ no tracks evident, low ϭ some tracks but no trails evident, medium ϭ tracks and some trails evident, high ϭ extensive track and trail networks evident-Patterson and Messier 2000:725, figure 1) to that expected if coyote movements were uniform within CBH, CBL, and the Eden deer wintering area using a chisquare analysis. We considered the CBH and CBL areas to be distinct for that analysis and the analysis of excursions, because we believed that marked differences in prey distribution in winter (limited access to deer) could influence coyote movements. Because deer were not considered absent anywhere within the Eden deer wintering area and overall deer densities were considerably higher in this area, we also believed we were justified in analyzing this area separately.
RESULTS
We completed 13, 3, and 2 track surveys in QC, CBL, and CBH, respectively. Distribution of deer tracks and trails observed during the track surveys was consistent with the trends indicated by the pelletgroup surveys (Tables 1 and 2 ; Patterson et al. 1998) . We adjusted the deer pellet-group estimates for CBH during winter based on results of the aerial and ground surveys (Tables 1 and 2). Deer densities averaged 3-4/ km 2 in CB but reached as high as 9.8/km 2 in the Eden deer wintering area (Patterson et al. 1998 ; Table 1 ). Estimates of deer density were generally lower throughout QC, averaging 2.0/km 2 . Snowshoe hare densities were significantly higher in CB relative to QC (Patterson et al. 1998) . Within Cape Breton, hare pellet densities were significantly higher in CBH compared with CBL. A pronounced difference was found in deer density between the highlands and lowlands of Cape Breton during winter when most deer migrated to wintering grounds in CBL (Lock 1997; MacDonald 1996) . From May through November, telemetry data (Lock 1997; MacDonald 1996) and track observations indicated that deer were more evenly distributed throughout all study areas. Overall, CBH was typified by high hare densities with only a few scattered pockets of deer present during winter, whereas CBL contained moderate hare densities and relatively high deer densities year-round. QC was typified by considerably lower, and more uniform, densities of deer and hares year-round (Patterson et al. 1998) .
Social organization and group dynamics.-We captured 54 coyotes during this study (51 were radiocollared; 1 juvenile female was not radiocollared and was released in QC, and 1 adult male and 1 juvenile female were shot in the traps before we arrived in CB). The 31 coyotes captured in QC consisted of 9 breeding adults, 15 juveniles, 1 nonbreeding associate (helper), and 6 transients. The 23 coyotes captured in CB consisted of 9 breeding adults, 11 juveniles, 1 nonbreeding associate (later became breeding male), and 2 transients. The proportion of transients in the 2 samples was not different (G ϭ 0.50, d.f. ϭ 3, P ϭ 0.92). We collected location data from September 1992 Coyote reproductive success and dispersal.-Family groups in CB successfully reared pups in 83% of attempts (n ϭ 12) versus 78% of attempts in QC (n ϭ 18, 2-tailed Fisher's exact test, P ϭ 1.0). Both failed cases in CB were caused by the death (human related) of the breeding female during gestation. In Ն2 of the 4 failed cases documented in QC, coyote movements during May suggested den attendance, but by midsummer coyotes were moving extensively without pups and group howling or other signs of juvenile coyotes were not detected.
Forty-eight percent Ϯ 12 SE of juvenile coyotes in the QC area dispersed by the end of their 1st autumn compared with only 10 Ϯ 9% in CB (log-rank test, 2 ϭ 6.23, P ϭ 0.012; Fig. 1) . However, by the end of their 1st year, a similar proportion of juvenile coyotes in QC (83%) and CB (89%) had dispersed ( 2 ϭ 0.25, P ϭ 0.62; Fig. 1 ). We observed 2 instances of delayed (Ͼ1 year) dispersal in QC and 1 in CB. All 3 coyotes that exhibited delayed dispersal maintained an association with the breeding pair and appeared to assist in pup rearing. Two of those coyotes remained in their natal territories until 1.5 years of age, whereas the 3rd coyote remained until the 2nd summer after its birth (Ͼ2 years old). Dispersal distances of coyotes averaged 53 km Ϯ 12 SE (n ϭ 11) in the CB study area versus 40 Ϯ 10 km (n ϭ 6) in the QC area. Those distances did not differ (t ϭ 0.76, d.f. ϭ 15, P ϭ 0.46) and were considered minimal because many dispersing coyotes were probably killed before completing dispersal.
Group size and cohesion.-The breeding pair formed the nucleus of coyote social groups and was seldom (Ͻ5% of locations) located apart except during the pup-rearing season, when they presumably took turns foraging away from the den (Harrison and Gilbert 1985; Patterson et al. 1999) . Of 22 family groups containing Ն1 radiocollared individual, 2 groups consisted of 2 coyotes, 7 groups had 3 members, 8 groups had 4 members, and 5 groups had 5 members. In cases where the breeding pair traveled alone during winter (n ϭ 2), reproductive failure was evident during the previous summer. At least 1 juvenile generally remained with the breeding pair during winter. Family groups (Ն3 individuals) contained members other than the breeding pair and young-of-theyear in Ն3 cases.
Mean winter traveling group size was similar for family groups using deer as a primary winter food source (2.6 individuals Ϯ 0.1 SE, n ϭ 7) versus that of groups using primarily snowshoe hare (2.7 Ϯ 0. declined by an average of 15% over the course of the winter for family groups using hares as a primary food source, whereas mean group size increased 9% for family groups using deer as the primary food source, but that difference was not significant (z ϭ 0.50, P ϭ 0.62; Fig. 2) .
Spatial distribution and density.-Coyote family-group members shared common home ranges and based on presence of nonoverlapping, adjacent home ranges, coyotes in both study areas were territorial (Figs. 3  and 4) . Based on area observation curves, 23 annual territories (13 in QC, 10 in CB) were adequately defined during our study. Midwinter densities of coyotes were 4.3-13.9 coyotes/100 km 2 and changed markedly during the course of our study (Table  3) . Monte Carlo simulation suggested that the variance associated with each estimate was high, averaging about 74% of the estimates themselves (Table 3) . Nonetheless, a qualitative comparison seems justified because standard methods were employed to obtain density estimates for all areas and periods. Differences in density seemed to result from changes in territory size, habitat saturation (proportion of the total landscape in each study area occupied by coyote territories), family group size in winter, and number of solitary coyotes living in each area (Table 3) . Densities seemed to decline Ͼ50% in the QC area from winter 1993 through 1997, although confidence inter- vals of those estimates overlapped. We estimated density in CB during 1996 and 1997 only but recorded a substantial increase (88%) resulting primarily from the formation of 2 new territories.
Influence of prey density on territory and group sizes.-Mean annual territory sizes (95% adaptive kernel) were larger in QC (76.2 km 2 Ϯ 8.6 SE, n ϭ 13) relative to CB (49.3 Ϯ 4.8 km 2 , n ϭ 10), t ϭ Ϫ2.7, d.f. ϭ 18.3, P ϭ 0.013; Table 1 ). Multiple regression indicated that densities of hares (partial r 2 ϭ 0.40, P ϭ 0.007) and deer (partial r 2 ϭ 0.21, P ϭ 0.043) explained significant amounts of the variation in territory size (95% adaptive kernel territory size ϭ Ϫ23.2 ln(no. hare pellets/plot) ϩ Ϫ17.3 ln(deer/km 2 ), R 2 ϭ 0.607, P ϭ 0.009). Neither maximum winter family group size (partial r 2 ϭ 0.016, P ϭ 0.699) nor mean daily traveling group size (partial r 2 ϭ 0.039, P ϭ 0.539) influenced territory size. Similarly, neither measure of group size was correlated with prey density (r s Ͻ 0.19, P Ͼ 0.54; Table 1 ). Size of the areas used during winter (69.2 Ϯ 7.7 km 2 ) was larger than areas used during summer (42.0 Ϯ 4.8 km 2 , t ϭ 3.9, P ϭ 0.008, n ϭ 7 territories for which summer and winter ranges were adequately defined).
Coyote territoriality and spatial relationships with deer.-Territories seemed to be 6.6-11.9 4.7-8.7 3.2-9.4 5.7-8.9 11.7-21.3 a Measured as the average size of all family groups observed in each study area each winter. b Estimated range of possible parameter values used in the Monte Carlo simulation to estimate the 95% CI associated with each density estimate (see text).
c Based on the ratio of tracks of solitary versus group-living coyotes observed in each area during winter field work. d Territory size estimates were based on the composite 95% adaptive kernel home ranges (Worton 1989 ) of all radiocollared group members.
e Habitat saturation was estimated as the proportion of the total landscape in each study area occupied by coyote territories. f Calculated as (AB)/(C/D) ϫ 100. The CI presented with each density estimate is based on the central 95% of 1,000 values generated by Monte Carlo simulation whereby each parameter was randomly picked from a normal distribution within the range of each parameter (see text).
stable with most coyotes maintaining the same approximate territory boundaries (and surviving breeding pair members) for the duration of monitoring. In QC, 2 territories met those criteria from autumn 1992 through March 1997. We monitored coyotes in QC for 25 territory-years (i.e., the sum of successive territory years for each group summed across groups) and noted 1 confirmed and 1 potential territory shift. In the 1st instance, the Tupper Lake family group shifted its activities to an adjacent area to the northeast of the former territory boundaries during February 1996. That group maintained the new territory until the end of the study. In the 2nd case, the breeding female and pups from the Peskowesk family group were located in the Grassy Lake (adjacent) territory for all 10 relocations obtained from late August through early October 1995. That group returned to their native territory by mid-October 1995.
In CB, we monitored coyotes for 22 territory-years (over 3 calendar years) and did not record any shifts in the area used by breeding groups. However, in early January 1996, the breeding male from the Eden family group was injured, and he subsequently disassociated from the group and left the territory. By early May, that coyote remated and established a new territory (Iona territory; Fig. 4 ) to the northwest of the range of the Eden family group. The territory of the Eden family group remained stable throughout that time, and that group successfully reared a litter of pups during summer 1996.
Incidence of extraterritorial excursions was not uniform among study areas (G ϭ 11.1, d.f. ϭ 2, P ϭ 0.001). Frequency of excursions was highest in CBH and lowest in CBL (Table 4) . In QC and CBL, the seasonal frequency of excursions was not dif- Table 4 ). Excursions occurred more frequently during winter in CBH (G ϭ 6.45, d.f. ϭ 1, P ϭ 0.011; Table 4 ). Excursions were generally Ͻ10 km and rarely lasted Ͼ3 days.
In the Eden deer wintering area ( 2 ϭ 2.9, P ϭ 0.41) and highland areas of Cape Breton ( 2 ϭ 4.1, P ϭ 0.26) coyotes used areas of different deer densities in proportion to their availability. Conversely, in CBL (excluding the Eden territory that was composed primarily of the deer wintering area), coyotes used areas of very low deer density proportionately more than expected, a Number of coyote-seasons of telemetry data for each season was calculated by dividing the total number of radio-contact days for all group-living coyotes in each study area by the number of days in each season.
but where deer were present in low densities they used areas less than expected ( 2 ϭ 10.4, P ϭ 0.02).
DISCUSSION
Our study generally supported our prediction that differences in prey availability would exert an influence on social ecology of a behaviorally plastic carnivore. Dispersal rates in autumn were highest and coyote densities were lowest in the area with the lowest prey abundance (QC ; Tables 1 and  3 ; Fig. 1 ). We could not determine changes in recruitment in relation to prey availability, but low prey abundance may have contributed to reproductive failure twice (Tupper Lake 1996, 1997) because coyote movements during May suggested den attendance (we actually observed the den in 1996) but by midsummer coyotes moved extensively without pups (as evidenced by observations from aircraft and a lack of group howling).
Despite high variability, we documented considerable changes in coyote numbers that seemed to be associated positively with prey abundance. In southwestern Yukon, Canada, coyote abundance increased 600% in only 3 years in response to increasing hare numbers (O'Donoghue et al. 1997) . The subsequent decline in coyote abundance after a crash in hare numbers was equally rapid and severe (O'Donoghue et al. 1997) . Densities of wolves also are closely linked to changes in prey abundance (Fuller 1989; Messier 1994) . We speculate that prey abundance and human exploitation (Patterson 1999) were the primary factors affecting coyote densities during our study. In QC, coyote numbers continued to decline after the crash in deer numbers during the late 1980s and early 1990s. Hare numbers in QC changed little during this time (Patterson et al. 1998) . Two consecutive severe winters in 1993 and 1994 probably sustained relatively high coyote numbers despite low prey abundance by increasing deer vulnerability (Patterson et al. 1998; . Low prey abundance, mild winters (low deer vulnerability), and increased coyote harvests in southwestern Nova Scotia (Brannen 1997) probably all contributed to recent declines in coyote numbers in this area. In CB, increasing hare numbers (Patterson et al. 1998 ) and reduced coyote harvests (Brannen 1997) may have contributed to a recent increase in coyote numbers. Wiens (1976) and Cook et al. (1999) suggested that highly predictable and aggregated resources might result in the abandonment of territoriality with a shift toward group nomadism. However, despite marked differences in prey availability among territories, all family groups of coyotes maintained exclusive territories throughout this study and extraterritorial excursions were infrequent and brief. Territoriality sometimes resulted in aggressive encounters between neighboring family groups, as evidenced by a radiocollared adult female coyote being killed in QC by an unmarked group of coyotes within her territory in January 1996. Similarly, Okoniewski (1982) documented a resident family group killing a solitary adult male in the Adirondack Mountains, New York. The short duration of excursions probably reflected risk of aggressive encounters while trespassing and of loss of a territory to other coyotes while absent. Deer and hare densities fluctuate over time in Nova Scotia (Eaton 1993; Patterson 1999) . Thus, coyotes may maintain exclusive territories during periods of high prey abundance to provide assurance of a secure food resource during years of prey scarcity, as suggested for red foxes (Vulpes vulpes-Von Schantz 1981).
Coyotes did not use areas containing higher densities of deer proportionately more than expected in any area during this study. This, coupled with the relatively low incidence and short duration of excursions, suggests that territorial behavior prevented coyotes from concentrating in deer wintering areas and helped keep the coyote : deer ratio relatively low (Ͻ1:25; Table 1 ). However, other factors may have dissuaded coyotes from focusing their foraging activities on the Eden deer wintering area. Outside of the high-density deer wintering area, coyotes actually used areas of very low deer density proportionately more than expected. Because densities of deer and hares tended to be inversely related , higher use of areas with low deer densities may have resulted from coyotes selecting areas where hares were numerous. We do not believe this to be the sole reason coyotes used areas of low deer density because during snow tracking we noted coyotes using areas of low deer density even where hares were scarce. We suggest that coyotes maximized foraging efficiency by hunting in areas with low deer densities because of the higher vulnerability of deer to predation in low-density areas (Messier and Barrette 1985; and the availability of hares in many of these areas. Similarly, wolves in Ontario killed proportionately more deer in small pockets with relatively low deer density outside of the main wintering area (Kolenosky 1972) .
On the evolutionary scale, intraspecific tolerance and group-foraging by social canids are generally accepted to have evolved as an adaptive response to the presence of prey too large to be effectively subdued by individual predators (Bekoff et al. 1981; Kleiman and Eisenberg 1973) . In keeping with this view, Bowen (1981) and Brundige (1993) suggested that prey size determined group size of coyotes in Alberta and New York, respectively. Although all groups of coyotes examined during this study used deer as a food source (Patterson et al. 1998) , occurrence and size of cohesive coyote family groups during winter were independent of prey size. Human exploitation strongly contributed to the decrement of family group size in some cases (Patterson 1999) and may have confounded our analysis. We believe that the lack of correlation between group size and use of deer by coyotes was real, but groups formed for other reasons may have made use of the most appropriate prey size for the existing group (Andelt 1985; Gese et al. 1988 Gese et al. , 1989 Messier and Barrette 1982) .
Other potential advantages of grouping in carnivores include defense of territory and prey carcasses (Bekoff and Wells 1980; Bowen 1981) , access to the opposite sex (Gittleman 1989; Moehlman 1989) , facilitation of learning (Andelt 1985; Schmidt and Mech 1997) , avoiding the risk of dispersal (Andelt 1985; Messier 1985; Schmidt and Mech 1997) , and the potential inheritance of the natal territory and achievement of breeding status (Brundige 1993; Moehlman 1989; Schmidt and Mech 1997) . Which factors cause group formation and cohesion and which are effects remain unclear.
Rates of killing deer by group-living coyotes in our study were relatively low and individual carcasses rarely were used for Ͼ3 days (Patterson 1999; . This, coupled with the rel-atively low densities of coyotes throughout much of northeastern North America, leads us to believe that the defense of ungulate carcasses is not a tenable reason for group living by eastern coyotes. Similarly, given the low densities of coyotes and relatively high levels of exploitation (Patterson 1999) , high coyote densities (habitat saturation) were unlikely to have encouraged delayed dispersal. Bekoff et al. (1981) reported that competition for mates among canids is generally minimal, so the idea that group living and territoriality have evolved to facilitate access to mates by coyotes also seems weak.
Among canids, group cohesiveness resulting from delayed dispersal offers benefits to the breeding pair and remaining juveniles. Juveniles are safer within their natal territories, as evidenced by higher mortality of dispersing and transient coyotes relative to residents (Gese et al. 1988; Harrison 1992b; Patterson 1999) , and likely learn hunting techniques from their parents (Andelt 1985; Schmidt and Mech 1997) . Breeding-pair members we monitored were quickly replaced after being killed. Although we could not always determine the identity of new breeding pair members, a radiocollared yearling (resident group member) inherited the status of breeding male in his natal territory after the former breeding male was shot.
By allowing juveniles to remain in their territories to learn and mature, parents improve their genetic fitness in Ն2 respects. First, they improve chances of juveniles surviving and establishing their own territories when they do disperse (Andelt 1985) . Even if juveniles were only allowed remain in their natal territory for 1 winter, this would give them the important opportunity to learn skills necessary for hunting large prey such as deer. We did not detect a consistent increase in deer killing rates for groups of 2-5 coyotes , but groups of Ն4 coyotes did kill proportionately more deer (Patterson 1999) . Alternatively, young remaining in parental territories may reduce recruitment by competing with parents and subsequent siblings for resources (Bradbury and Vehrencamp 1977) . However, as previously stated by Andelt (1985) , the lack of correlation between territory sizes and group sizes suggests that in some cases small groups were defending areas that were large enough to support more than a mated pair. Further, Bekoff and Wells (1986) reported that transients and nonbreeding helpers did not negatively affect survival or weight of coyote pups. Other authors also have suggested that increased food competition due to larger group sizes by canids may be offset by greater efficiency at killing ungulates (Brundige 1993; Nudds 1978) .
Second, juveniles that delay dispersal beyond 1 year may increase survival of subsequent litters by providing additional food during a season when food is scarce (MacDonald 1983; Messier and Barrette 1982; Poulle et al. 1995) and movements of parents are restricted by immobile pups (Brundige 1993; Harrison and Gilbert 1985; Patterson et al. 1999) . We conclude that territoriality and group cohesion during winter by eastern coyotes serve to enhance genetic fitness of the breeding pair by improving survival of immobile pups during summer and of juveniles before dispersal. Although size and distribution of food resources may strengthen tendencies toward a given social system (Gese et al. 1988; Messier and Barrette 1982) , we believe that increased reproductive fitness, and inclusive fitness for juveniles before dispersal, represent the ultimate factors influencing group cohesiveness among eastern coyotes. 
